was born in the year A.D. 130 at Pergamum, in Asia Minor, at a time when the last vestige of Greek liberty had expired, and when the Roman Empire had reached the zenith of its splendour. From his earliest youth his mind was formed and his opening genius moulded by the influence that Greece exerts on all her spiritual children. He spoke and wrote in the tongue of Hippocrates, Plato and Aristotle, and his works represent the last complete output of the scientific thought of antiquity, the culmination of all that had preceded.
larynx1 and of the tongue, to which he ascribes sixteen.2 He recognized the lacteals8 which however had already been seen by Erasistratus. He described the ducts of the submaxillary and lingual glands4 now connected with the names of Wharton and Rivinus. He recognized the cranial and spinal nerves, described the canal 5 leading from the third to the fourth cerebral ventricle, now called the aqueduct of Sylvius, the calamus scriptorius,6 and the cerebral ventricles. 7 His physiological investigations are no less revolutionary. He knew of what we call insensible perspiration, he ligatured the recurrent laryngeal nerves 8 and observed the results, he performed section of the spinal cord 9 at various levels and described the effects-the sensory and motor disturbances and the resulting incontinencewith an astonishing fidelity. He was familiar with the effect of cutting the nerve supply to a group of muscles on the action of the antagonists. He advised operating for cancer 10 and employed the catheter 1" for the very purposes for which it is employed to-day. He practised dissections and vivisections on all kinds of animals falling within the range of his investigations, with the exception of "gnats, flies, worms, bees and ants," 12 which he considered too small for satisfactory examination.
Let us glance at some of the strange physiological beliefs that preceded him, doctrines which he quickly outgrew and rejected. Some believed that the voice came from the heart'3; some, like his early teacher Pelops, that the blood-vesselr originated in the brain.'4 Others, like Praxagoras,'5 thought the blood-vessels terminated as tendinous structures-beliefs which to us appear equally unwarrantable and untenable, though to men of that day parts of systems already venerable by long use and association. But the most interesting, historically, was the doctrine that the left side of the heart and the arteries, as that word itself implies, contained only air, or rather a special derivative of it, the "pneuma." That the arteries were empty after death seemed to lend this theory a certain prima facie probability. This doctrine was the basis of a good deal of the physiological and pathological teaching then current, and by Galen's day it had already enjoyed the sanction of at least four hundred years. He proceeded to show that this belief had no foundation in fact, and performed a number of experiments to prove that the arteries, like the veins, contained blood. On stabbing the heart he showed that blood immediately followed the withdrawal of the scalpel,'6 and that the scalpel itself was blood-stained, no matter how quickly the instrument was withdrawn. He opened an artery between two ligatures 17 and showed that this vessel contained only 1 III, p. 551. Galen frequently refers to dissections on the ape (AlOtcos) and advises his pupils to prosecute their anatomical investigations on the apes, which most closely resemble man (II, p. 223) with due regard to the difference in structure. Mistakes are made because dissectors forget that the structures found in a bullock, e.g., the heart, tongue and veins, are different from those found in man (II, p?. 291).
He states he is accustomed to work on apes suffocated in water, because this manner of death avoids the injuries to the neck caused by strangulation (XVIII, part 2, p. 928).
Haller, a very frank critic, in his Bibliotheca Anatomica (p. 83), says of Galen's dissections: "Multa etiam invenit rectiusque dixit, etsi passim, quoties plurima luce erat opus, utique prolixo sermone, quasi aliqua nebula se involvit, et veterum monumenta cum suis ita miscet, ut quae hominis sint monumenta, quae bestiae, non distinguas: inconstans etiam ut eandem partem corporis aliter et aliter describat." This is more or less true, but it is not very damaging to his reputation. 2 blood, which immediately appeared as soon as the incision was made. He also insisted that, if the arteries contained only pneuma, an appreciable timne would elapse before all the pneuma could escape through a wound in a vessel, particularly if the incision were small, and that the transit of this substance would delay the appearance of the blood. But his opponents had their answer ready, declaring that a disturbing factor underlay all these apparently effective demonstrations, for they claimed that on the first incision into the smallest superficial artery the whole arterial system was flooded with blood. But, he inquires, how is it that no obvious physical or mental change occurs in the animal, whose whole economy must be profoundly altered by the loss of the pneuma, on which, it was asserted, all physical and mental activities depended.'
Truly, they were a perverse generation " without shame in the presence of proof and conviction."2 For Galen pressed home his conclusions with the ruthlessness of sincere and intense conviction. He had to contend against age-old prejudices, and provoked the hatred and animosity of his professional brethren, whose office it was to " keep trim the torch of ancient philosophy." This sense of personal injustice gives to much of his writings an eristic and contentious tone, which has been mistaken for mere combativeness and aggressiveness. Nevertheless, it must be admitted that Galen never reached that beatitude promised to those who rejoice when reviled and persecuted by men, far less to that which is promised to the lovers of peace.
Galen's demonstration that the arteries contain blood is a landmark in the advance of scientific thought. Yet the strange doctrine which it displaced, that only the veins normally contain blood, has particular interest, in that it suggested another question for which an answer had to be provided. The supposed transfer of blood from veins to arteries as the result of an incision demanded explauation. The explanation offered was that the terminal branches of the veins and arteries, too slender for detection by the naked eye, united together. This intercommunication was termed the anastomosis 8 of the vessels. It is one of the ironies, that are so often met with in the history of the sciences, that a doctrine, at once so fundamental and so remote apparently from positive proof, should have been deduced from an unstable and erroneous hypothesis. That it survived the overthrow of this hypothesis was no small matter, though in the course of time it gradually receded, and was at length almost forgotten.4 A vein is described by Galen as having one coat, an artery as having two, "namely an external one, which resembles that of a vein, and an internal one, which is thicker, and which possesses transverse (i.e., circular) fibres. The external coat has the same composition as that of a vein, that is, it has longitudinal fibres and some placed obliquely, but it is not furnished with transverse fibres. The thicker inner tunic of the artery has a lining resembling a layer of skin and very like a spider's web. It is mostly seen in large arteries and some term it the third coat of the artery." 5 This is a reference to the reticulation visible in the larger arteries. The difference in appearance between the blood in the arteries and that in the veins was emphatically recorded. The contents of the artery were described as escaping rhythmically 1 when the vessel was severed, while the blood of the veins simply poured out. Minute and detailed instructions are given for exposing the heart 2 without injuring the parietal pleura, so that the mechanism of respiration may be preserved intact during observation. " And when the heart is exposed," he continues, " we suggest that you observe all its movements without disturbing it. You will notice that the animal continues to breathe, and can make a noise, and if you set him free you will see that he can run about as well as ever. And if the wound is stitched up, he will take food and drink when he wants it." 8 Galen records his observations very thoroughly " You will see that both ventricles pulsate in the same way, and not the left only, as some people imagine. . . . As time goes on, the ventricular contractions grow more feeble.
Then the right ventricle is seen to act with a rhythm of its own. And this will be particularly noticed when all motion begins to fail. At first the parts at the apex cease to beat, and so on until movements persist only at the base of the heart. And when this also ceases to beat, some languid and feeble movements separated by increasing intervals of rest persist in the auricles." 4 Unfortunately, he came to the conclusion that the diastole of the heart and arteries took place simultaneously. Perhaps it is some justification to plead Harvey's early difficulties with this problem, when he " found the task so truly arduous " 5 and almost concluded with Fracastorius " that the motion of the heart was only to be comprehended by God."
In his description of the valves 6 of the heart much is borrowed by Galen from the Alexandrian school, and he freely acknowledges his obligations to Erasistratus. Herophilus, it appears, was less happy in his description of these structures. The number,7 shape, position and attachments of the valves are given accurately, and he adds the explanatory remark (for Galen never sins through lack of exposition): " In using the term 'tricuspid,' reference is made, not to the shape of each leaf, but to the appearance they present when pressed together during closure, for during this time their whole outline resembles that of a three-edged spear, and this name, therefore, is suitable for the valve at the opening of the vena cava. No one has given an appropriate name to the segments at the opening of the arteria venosa (pulmonary vein)." 8 The coronary vein ' is described as encircling the heart like a crown, and having its origin outside the auriculo-ventricular ring. The origin and distribution of the coronary arteries 10 and the left auricle ventricuilar orifice was desipated the opening of the arteria venosa. Vesalius was the first to r se the term "mitral" to describe this valve. De Humani Corporis Fabrica, 1555, p. 740. 9 III, p. 477. Cp II, p. 618. 10 II, p. 618. The branches of these arteries are followed with extreme care, and they are shown to preserve their character as blood-vessels througbout, a demonstration which goes to refute the doctrine of Praxagoras who held that arteries normally became converted into nerves, V, p. 189. heart is conterminous with the wall of the left ventricle, and notices that the interventricular groove may sometimes be so well defined as to suggest a kind of, division of the organ.
The character and functions of ordinary muscle1 Galen apprehended clearly. He describes a muscle as consisting of a head, body and tail, the latter ending normally in a tendon attached to some bony structure.2 He dissected and traced the attachments of the subcutaneous muscles, such as the constrictor oris, orbicularis palpebrarum and the sphincters, and these obviously differed from the long muscles in the manner of attachment and in mode of action, but they all had this in common that they were under control of the will. The reaction of the heart was different. Section of its nerve supply,3 that is, of the branch of the vagus, was not followed by cessation of its activities, its beat continued uninterrujpted, and its pulsation continued even when the heart was removed from the body.' This freedom from voluntary control and this independent activity showed a characteristic not recognized in any other muscle.
" The heart is composed of firm flesh and it is almost insensitive to pain. It is built up of many kinds of fibres (i,ves), and, though it thus seems to bear a very close relationship to ordinary muscle, nevertheless there is a marked difference between the two structures. For the fibres of ordinary muscle are disposed in one set way, that is, they are either longitudinal or transverse. . . . But the heart has longitudinal, transverse, and, in addition, oblique fibres." 5 " The flesh of the heart is not of a simple character, for it contains fibres like those of muscle, a%hd to those the flesh is bound. Besides, the nature of the fibres is not quite similar, for in muscles they are associated with tendons and ligaments. But the fibres of the heart are of a special kind, like those of the coats of the arteries and veins, or those of the stomach, intestines, womb, and of the hollow organs." 6 There is conclusive evidence that Galen appreciated the special nature of the cardiac musculature, though he hesitated to call it muscle, a term which he reserved for the ordinary voluntary muscles. This distinction he expressed as clearly as it was possible in his day. Not until the advent of the microscope could clearer definition be given. His views do not diverge widely from those of modern physiologists. The difference is mainly one of terms.
We now come to a physiological doctrine which, above all others, is associated with Galen's name, the doctrine of the communication of the two ventricles of the heart by foramina in the septum. This fateful dogma 7 became embodied in physiological teaching, and during the centuries that followed it acted as a stumblingblock to inquiry. Heroic efforts were required to shatter it. Vesalius led the way, and at length Harvey came on the scene, and the ancient doctrine disappears forever. But by this time another important contribution to scientific knowledge had been made, of which we find no traces in Galen, that the veins had valves8, and this made the final solution much easier.
The postulation of the interventricular foramina was the outcome of a purely mechanical view of the heart's activity. Of the two vascular orifices on the right side of the heart, that of the auriculo-ventricular opening which led blood into the heart, was larger than that of the vena arteriosa (pulmonary artery) through which the blood passed out. Therefore, it was regarded as inevitable that during contraction of the heart some blood should be forced through the small pits or depressions of the septum into the left ventricle. The supposed inverse disparity of the vessels on the left side of the heart, the larger opening of the aorta requiring more blood than could be supplied by the smaller auriculo-ventricular orifice, seemed to lend corroboration to this conclusion.
An appeal to teleological principles,' a method of reasoning employed by Galen, always dextrously but often perversely, strengthened the grounds for this argument. In a perfect scheme of things ordered by an all-wise Providence, the pits were not fortuitous arrangements, but created according to design, and to serve a purpose. It is that design and purpose that Galen feels called upon to unfold! Galen's theory of the penetrating foramina may have received confirmation from the actual finding of patent foramina ovalia in the hearts of lower animals.2 I have come across no reference in his works to such an experience, but with his large range of investigations it is not improbable that he met with such cases. That he failed to record them need excite no surprise, for his interest was concentrated on what is habitually and normally found in man. Man," with Galen, "is the measure of all things."
To the question, Did Galen in any measure grasp the principle of the general circulation ? we can confidently answer " No." It is true there are statements in his writings which seem to show that he referred to the flow of arterial blood in one direction. But he did not correlate these observations, or blend such knowledge into a harmonious whole. In one passage he states that "the arteries receive more from the heart than they return, and the reason for this is the action of the valves."' He refers to the wounds sustained by hunters in the chase, or by soldiers in battle, and remarks on the numbness and coldness that set in in the parts beyond, very quickly if the artery were wounded, slowly if the vein alone were injured.4 Another passage that adumbrates a faint realization of the centrifugal flow of blood is the one in which he refers to the effect of a tight bandage on the limb, when the distant part becomes cold and livid " because it is deprived of the heat which flows down from above through all the parts." 5 And another 1 Teleological arguments were the legacy of antiquity, and may be regarded as an indispensable apparatus of the early researchers. Thales, Anaximenes, Plato, Aristotle, all explained problems whose real solution baffled them, by an appeal to teleological explanation, resting on the principle, unavowed or acknowledged, " that nature made nothing in vain." Besides, there exists in all minds a desire for sesthetic completeness which impels them to fill the gaps in their systems by the best devices they can muster. W. D. Ross, commenting on this tendency in Aristotle, is of the opinion that " in these and many other cases the teleological method has enabled him to detect facts which no mechanical treatment would have discovered." But that Aristotle was not slavishly bound by this principle is shown in the well-known passage on bees (De Generatione, III, p. 10, 760b). And many passages could be quoted from Galen which show him to be discriminating and judiicious in relating function to structure. For instance, when treating of the use of the prostate and seminal vesicles, he says, " such is the opinion we hold abouit their use, and it will serve us until we discover by some scientific me4ns their real purpose. Perhaps the uises we have suggested are quite correct, and yet it is possible that a more accurate account of their function may be discovered " (IV, p. 649). 2 Cf. Harvey's reference to persisting foramina ovalia in the goose, snipe and various birds and many of the smaller animals . . . and in one of the larger members of the mouse family," Syd. Soc hint of the Harveian doctrine is in his description of the operation of inserting a reed into the artery: " It 'is evident that if we do the experiment in this way no blood can flow from the artery, since the upper part, the direction from which the blood flows (Too /Ah 4Ao''pov ME'Por S, b'fOv fwq31S-7 T6 aMca .8P4XV seLjAnuse'vov) is held by a ligature." 1 And he quotes the famous passage from Plato about the heart, " which is the fountain of the blood, which is rapidly carried round through all the limbs." 2 But he is here dealing with the same question that Plato is discussing, the seat of the "irascible soul," and there is really no emphasis on the blood or its movements.
On the other hand, many passages might be brought forward which would make it abundantly clear that Galen did not apprehend the principle of the circulation of the blood. One or two short references will be enough. The theory that " it was the purpose of the arteries to draw something from the veins by means of the anastomosis which existed between them, 8 and that " the arteries which anastomose with the veins attract from them the lightest and finest part of the blood which they contain " 4 precluded the consideration of anything like a continuous movement in one direction.
It is not such details alone, but his general view of the blood-system, that made a conception of a circulation impossible to him.
The vascular system was compared to an irrigation system,5 such a common feature of Eastern agricultural method. Fields and gardens are kept productive by damming streams and diverting water into channels cut to suit the lie of the ground. When one section of a field is watered, by which time it presents the appearance of a sodden expanse, the water is diverted to another. And so this goes on in sequence and in series. "And a similar arrangement is found in the bodies of animals. Numerous canals distributed throughout the various parts of the body bring them blood in the same way as the water is carried along in the garden. And the spaces between those canals have been wonderfully arranged by Nature, so that they are well provided by blood, which they attract to themselves, and they are never in danger of being overcharged with blood running in at an unseasonable time." 6 Arterial and venous blood had separate and distinct r6les in the animal economy, and each was associated with a different kind of pneuma. The arterial blood supplied organs of finer texture, as the lungs, the venous blood served the needs of the heavier organs, as the liver.' The tissues had the power of attracting the blood most suitable to their requirements by a kind of specific attraction, and, under the influence of this vital stress, the blood might move centralwards, or towards the periphery, as need demanded.
A word about Galen's views on respiration. He declares that, if we could discover why flames are extinguished when covered by an air-tight vessel, we would have a clue to the nature of the substance gained by the bodily heat through inspiration.8 It was obvious, too, that something of a special kind or quality was I II, p. 646. 2 V, p. 573. In another place, ibid., p. 581, he changes the word pefkq to /fp. Cf absorbed from the inspired air, and this could be demonstrated by the simple experiment of holding the breath in deep inspiration, when, although there was plenty of air in the lung, the subject of the experiment suffered acutely.'
Part of the air, he believed, underwent a change in the lung.2 About the amount of the aerial substance that entered the heart, Galen is obviously unsettled. and undecided, for in one passage he admits " that very little indeed, or none at all of the substance of the air, ever reaches the heart." 3 But a kind of mixture of both blood and air (et a&4oov T't pkUciTov) was sent out from the left side of the heart4 by the aorta. To prove that the air taken in by inspiration was not transferred directly into the heart he artificially dilated the thorax,' which was then seen to remain expanded and incompressible, an experiment repeated by Harvey 6 to demonstrate the same truth.
The arteries too had a respiratory function, the superficial arteries drawing in air during the active phase which he regarded as that of diastole, and expelling the useless products of vital activity during systole. The air absorbed was for the cooling and feeding of the vital heat.
This doctrine, to which Galen gave acquiescence, had its foundation in the very beginnings of Greek science, and it may be referred back to the speculations of Anaximenes,7 and to popular primitive physiology. It is found in a high state of development in Empedocles,8 and amongst the Hippocratic9 writers, where it takes a more or less similar place in pathological causation as that found in the Alexandrian school. It had its foundation in the mystery that surrounded the nature of air. The idea of the possibility that the atmospheric air could be absorbed through the skin had no doubt its basis and confirmation in the well-known phenomenon of the absorption of drugs by inunction.'0 This belief survived till Harvey's day.
In demolishing this ancient theory Harvey is completely captain of his soul, and in a few telling phrases he shows the unsubstantial foundations on which it had so long rested."
The idea of the pulmonary circulation is clearly outlined by Galen. And to this teaching Harvey found it convenient to turn when dealing with the reactionaries of his day, those who would " admit nothing unless upon authority." 12 Harvey uses the advocacy of the " father of physicians " very skilfully, showing himself a master in dialectic and an artist in appeal. Galen points out that a transfer of blood from LVI, p. 479. the branches of the pulmonary artery to those of the pulmonary vein takes place, and that this blood reaches the heart. But this doctrine is deduced from an indefensible hypotbesis about the action of the pulmonary valve. This valve was supposed to remain closed during the contraction of the thorax, during which time some of the blood is pressed out from the arteries into the veins through the anastomosis of these vessels in the lung, and the force of the propulsive power of the heart is completely underrated.
It is a piece of brilliant speculation, but Galen fails to grasp its real or relative value. It would be unwise to stress too much the importance of it in his physiological system. It is enough to admit that he outlined the path by which the pulmonary circulation could be effected.
This short sketch would not be complete without a word about his observations on the cbanges that take place in the heart immediately after birth. One of the most interesting passages in Galen, and one that puts him in the forefront of original investigators, is that in which he lucidly describes these alterations and adaptations. Others, like Aristotle, had observed its beginnings and growth, but it was left for Galen to study its development and subsequent evolution more completely. III speaking of the foetal heart be draws attention to the opening, called the foramen ovale' by later anatomists, through which the right communicated with the left side of the heart. He refers to the canal which leads from the vena arteriosa (pulmonary artery) to the aorta, which we call the ductus arteriosus. He describes what is now termed the Eustachian valve, and its purpose and function are clearly defined. He continues: " All these operations of Nature are indeed wonderful, but more wonderful still is the subsequent occlusion of this opening (foramen ovale). For soon after birth, within a day or two, or in some cases within four or five, or even occasionally after a longer period, the valve which guards this opening is found to be uniting with the orifice, but not yet completely adherent.
" If you inspect the same place in a fully grown animal you will find it so wellformed, that you would hesitate to think that there was a time when it was pierced through.... " In the same way, the duct that connects the aorta and the vena arteriosa (pulmonary artery) although all the other parts continue to increase and grow after birth, this, so far from keeping pace with the general development may be seen to become thinner and more slender, and in the end to dry up and disappear altogether." 2 It is not perhaps too much to assert, that for accuracy and descriptive narration of what happens at this period of the animal's history, Galen has not been excelled.
